Background: Fishery has always been perceived as a physically demanding industry of a manual character. In recent years the physical work environment has developed positively and consequently the current situation in not fully described in the existing literature. This study aims to describe the work environment of Danish fishermen with regard to their physical workload and ergonomic factors. Materials and methods: A cross sectional study was performed on a random sample of active Danish commercial fishermen (response rate: 28%) by means of a questionnaire on demographic and self-reported occupational and health data. Questions covering the physical workload were related to seven different work situations and a score summing up the workload was developed for the analysis of the relative impact on different groups of fishermen. Results: Almost all fishermen (96.2%) were familiar to proper lifting techniques but only 55.4% used them in their daily work. Standing work was the most applied work position (81.8%), while repetitive hand and finger movements and twisting and bending in the back were other frequent work situations. Deckhands had higher workload scores than skippers, while crew on Danish seiners had higher workload scores than fishermen in other vessel types. Conclusions: Despite improved work environment in the Danish fishing industry, fishermen still experience high levels of workload and suboptimal ergonomic conditions, which are known to cause pain and impair musculoskeletal health. To address the specific areas of fishing with the highest workload, future investments in assistive devices to ease the demanding work and reduce the workload, should particularly address deckhands and less mechanized vessels.
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InTRoDucTIon
The fishing industry has formerly been perceived as a particularly dangerous and physically demanding work and studies throughout the 1990's, and most recently in 2008, have observed a continued excessive risk of certain health effects [1] , especially musculoskeletal disorders and accidents [2, 3] . Although recent studies indicate that there has been a positive development of the physical work environment on board fishing vessels [4] [5] [6] , the work is still characterized by frequent manual handling of catch (lift, push and pull) and heavy equipment in wet, slippery and mobile environments [6, 7] .
The space on board the fishing vessels is often limited, and this restriction poses challenges in ensuring optimal working situations and varied working postures for the fishermen. Furthermore, the vessels' movements are influenced by the impact of waves, which also presents a challenge and increases the risk of injury. Sudden movements can make it difficult to predict the weight of equipment when lifting or pushing and combined with a cold and wet working environment, this can affect the musculoskeletal system [6, 8] . In addition to these risk factors, fishermen are exposed to numerous other influences that are believed to have negative consequences for the development of musculoskeletal disorders. These include an increased risk of accidents, low frequency vibration, draft and cold, and monotonous work [8] [9] [10] . These exposures are all part of the daily life for the fishermen, who are consequently likely to have a significant risk of inexpedient loadings and overloads resulting in musculoskeletal health effects.
The ergonomic work environment of the fishermen on board Danish fishing vessels is only described to a limited extent. Furthermore, various technological and organisational changes in contemporary fishing over the past decades mean that the current situation is not fully reflected in the existing literature.
The aim of this study is to describe the ergonomic work environment of Danish fishermen with regard to the level of the physical workload and the ergonomic work environment related to work on Danish fishing vessels. The different occupational groups on board, the type of vessels, and the number of days at sea will also be taken into account. This understanding should contribute to further optimisation of the work environment, particularly regarding ergonomic factors in the fishing industry.
MATERIALs AnD METHoDs
As a part of a project funded by the European Fisheries Fund (journal. no. 33010-13-k-0264), a study was performed among Danish active commercial fishermen. The project contained two components, out of which one was a cross-sectional study. In August 2015, a detailed literature review and an analysis of the results from the cross-sectional study was published [11] .The Danish AgriFish Agency (NaturErhvervstyrelsen) provided a register with all Danish active commercial and sideline fishermen and a survey was conducted between February and April 2015. A random sample of 2500 active commercial (full-time) fishermen out of 5809 fishermen received the questionnaire by post, with the option to return the questionnaire either by mail or online. An additional reminder was sent out to fishermen who did not answer the first time. Figure 1 shows a flow chart of the study population. Answers were collected from 637 participants, resulting in a response rate of 28%. Due to a high number of ceased fishermen, data from 270 fishermen was included in the [12] and relate to seven different work postures: standing, pushing or pulling, carrying or lifting, hands lifted above shoulder height, back sharply bent forward without support of hands and arms, twisting and bending in the back, same hand and finger movements repeatedly. The questions covered the extent of these work postures during active work hours. A score that summed up all 7 questions was developed for the analysis, going from 7 to 42, where the high score equals greater workload for the fisherman. Conditional missing imputation was used if 2 questions or less were missing in the answers. The missing was found from the mean value of the remaining questions from the specific person. The Cronbachs alpha coefficient of 0.81 showed good internal consistency of the scale [13] .
The fishermen were additionally asked to answer whether they worked as skipper or deckhands on board and on which type of vessel. The most common vessels were included and divided into 4 categories: Trawlers, Danish seiners, Netters and Liners, and Potters. They were also asked to state the typical number of days fishing, with categories split into: 1 day, 1-7 days and more than 7 days. Additional questions relating to work included the number of years working as fishermen and one's involvement in a sideline occupation (yes or no). The socio-demographic questions included age, body mass index (BMI; from weight [kg] / height [m] 2 categorised into normal (BMI < 25 kg/m 2 ), overweight (25-30 kg/m 2 ) and obese (> 30 kg/m 2 ), smoking status (yes/no), level of education (unskilled worker, skilled worker and higher education). Furthermore, the fishermen were asked to rate their self-perceived health. Questions covering work conditions for standing work and lifting work presented the response options of yes/no.
Data from the questionnaires were entered into a computerised database (SurveyXact) and simple descriptive statistics were conducted in STATA 14.0. The model assumptions for the workload score are checked and fulfilled thus ANOVA is applied. Table 1 describes the work characteristics of the fishermen included in the analysis (n = 270). More than half of the fishermen were skippers (61.9%), while the remaining 38.2% were categorised as deckhands, which include all other job categories on board the vessels (deckhands, trainees, cooks) and missings. The most common vessel type was trawlers (43.7%) and about half of the fishermen typically spent one day at a time at sea. On average, the respondents had worked 30.8 years as fishermen, while almost a fourth (24.1%) indicated that they have a sideline occupation as e.g. craftsman, beekeeper etc.
REsuLTs
The demographic distribution in Table 2 shows a mean age of fishermen at 53.1 years (SD = 13.5, range 17-80) and all respondents were male. Generally, the group was characterised as unskilled workers (54.2%), overweight or obese (46.4%/32.2%, respectively), and perceived their own health as good (62.6%). Table 3 shows the distribution of work positions for the fishermen. The distribution of each of the 7 positions illustrates work situations with an extension of more than half the of the fishermen's work time. 81.8% of the respondents spent more than half of their work time standing, while same repeated hand and finger movements were performed in more than half of their worktime by 72.8% of the fishermen. Twisting and bending in the back (43.7%) and carrying or lifting (36.2%) were other frequent work situations.
According to observations regarding the distribution of the workload score (Table 4) for the occupational groups, deckhands have higher workload scores compared to skip- pers. The p-value (0.0061) shows that the difference between skippers and deckhands are significant. There was also a significant difference (p = 0.0016) between the crew on board the different vessel types. In particular, the mean values show that crew on Danish seiners has higher workload scores, but crews on netters, liners, and potters also have increased workload scores compared to crews on trawlers. Tables 5 and 6 show questions and answers regarding work conditions for standing and lifting, respectively. Standing work was required by 95.8% of the responding fishermen, while 71.5% found that variation in work and work postures is possible, and 72.0% regarded the work area as convenient (Table 5) . Almost all fishermen (96.2%) knew how to lift properly, but only about half of them (55.4%) actually used proper lifting techniques in their daily work. About half of the fishermen (52.4%) had an option for using assistive devices when lifting heavy items (Table 6 ). occurred in the fishery in recent years, where much has been done to improve the fishermen's safety culture and work environment [4, 5] . However, looking at the working conditions for lifting work, it appears that almost everyone knows how to lift correctly, but in spite of this knowledge, only about half of the respondents used proper lifting techniques during work. This observation indicates that in spite of knowledge about the correct work postures, the fishermen may have difficulty translating the knowledge into practice and implementing it into their daily work. The persistently high workload of Danish commercial fishermen shows that fishery remains a physically demanding profession, despite the many developments made in the field. The significant difference between the workload scores of skippers compared to deckhands may reflect the difference between the work tasks of the skipper and the other crew members on fishing vessels with more than one crew on board. The skipper's job involves carrying out the function as the navigator in charge and as planner and organizer of the daily operations of the fishing vessel [14] . The primary task of the deckhands is to perform the practical work on board the fishing vessel, which includes dealing with shooting and hauling of fishing gear as well as cleaning and icing of the catch [15] . With regards to vessel types, trawlers have the lowest workload score, while fishermen on the Danish seiners have the highest scores, which is where the difference is found to be significant. This can be explained by the fact that seine fishing is more manually demanding than fishing with trawl, which is more mechanical. Fishing seine requires the hauling to be adjusted while the fish is manually sorted and boxes are handled for icing. Today, trawling is mostly performed on larger vessels with more mechanical aids [10] . The workload scores for the number of days spent at sea show that fewer days spent at sea fishing equals a higher workload score. Although one might expect the opposite, one explanation may be that the less mechanical fishing vessels tend to be active for one day at a time, resulting in higher workload scores [10] . However this result is not significant.
According to the literature within this area, the fishermen's perceived workload and musculoskeletal pain are closely linked to the presence of musculoskeletal disorders [16] , which have a higher prevalence among fishermen [17] . The symptoms follow a logical pattern according to type of fishing and type of work tasks on board where a larger workload leads to higher prevalence and incidence of symptoms/ /discomfort as well as musculoskeletal constraints [18] . The distribution of work tasks shows the frequency of hand and finger movements, while standing work, twisting and bending in the back and carrying or lifting, are also common. The work postures are often described as monotonous and repetitive work, which increases the risk of developing pain in the musculoskeletal system [9] .
DIscussIon
Approximately 70% of the responding fishermen reported a possibility for varied work postures while standing. This is largely supported by the positive developments that have The statistical analyses are based on data from 270 Danish commercial fishermen (response rate: 28.15%). The respondents constitute a random sample of the total number of commercial fishermen in Denmark. The participating fishermen are between 17 to 80 years, with an average age of 53.2 years. The AgriFish Agency states that according to their individual records based on civil registration information, the average age is 49.4 years in 2014 [19] . This means that the older generation of fishermen is slightly over-represented in this study. It is known that the average crew size on Danish fishing vessels is 1.3 [20] , and while larger vessels in general often have more than 1.3 crewmembers, we can assume that deckhands might be over-represented among the respondents, according to the national average supplied by the Danish authorities.
While a final response rate of 28.2% in this study may present some limitations, the presence of a healthy worker effect may further influence the findings. Healthy worker effect causes an overrepresentation of healthy respondents, because ill and disabled persons are often not active in the labour market [21] .
Low response rates are generally seen in cross-sectional questionnaire studies, however response rates up to 65% have been reported [3] . Percin et al [17] and Novalbos et al. [22] only achieved questionnaire response rates of 20% and about 3%, respectively in ports in the Aegean Sea and Andalusia, Spain. The variance in response rate can be caused by multiple factors, and a study of Ruyter et al. 2004 [23] suggests that short surveys achieve higher response rates than longer questionnaires. The questionnaire in this study had 93 questions spread over 17 pages, thus falling within the latter category. Long questionnaires may in particular discourage this target group, which mainly consists of unskilled and low-skilled workers. The sample of Danish fishermen was randomly extracted from The Danish AgriFish Agency register of active and currently passive fishermen. As the register was supplied by The Danish AgriFish Agency, the number of currently passive fishermen that should be excluded in the study was not known in advance. This knowledge was only achieved when the questionnaires were returned, and could not have been predicted. A 'healthy-worker effect' in this study may have caused an overrepresentation of healthy and currently active fishermen at the time of the survey, as only active fishermen are included in the study. Consequently, fishermen who were incapable of working as fishermen due to health issues or have terminated the profession to work in other professions may not be represented in the study [24] . However results from a recent pilot study by Christiansen and Carlsbaek [25] suggest that fishermen tend to quit the industry due to issues such as quotas and economy rather than due to poor health and pain. Despite some limitations in the study, the core strength of this study is that this is the only recent cross-sectional study of ergonomic factors and workload of Danish fishermen that has been conducted following several structural and organizational changes in the fishing industry.
concLusIons
Despite the positive development of the physical work environment and safety culture in the fishing industry over the last decade, the fishermen still experience high levels of workload and suboptimal ergonomic conditions. Inexpedient work situations are still a big part of the work in the fishing industry for a large group, in spite of knowledge about correct work postures. This indicates that the fishermen may have difficulty translating the knowledge into practice and implementing it into their daily work.
From our results we can derive that future investments in assistive devices should facilitate the work of deckhands with a special focus on the most frequently performed work situations on board the vessels. In addition, investing in low-cost assistive devices for the less mechanized vessels would be beneficial, so small vessels with less profit also can afford to invest in devices that can facilitate the demanding manual labour and reduce the workload, which is known to cause pain and musculoskeletal health effects.
We further recommend future follow-up studies to focus on the causal effect of workload and musculoskeletal disorders in the changing fishery.
